Background: Cardiovascular disease is the leading cause of morbidity and mortality in maintenance hemodialysis (MHD) patients. Uremic cardiomyopathy, characterized by myocardial hypertrophy and fibrosis, has a significant contribution to these adverse cardiac outcomes. The protective effect of soluble Klotho (s-Klotho) on myocardial damage was demonstrated in in vitro and animal experiments. However, data from MHD patients is limited. The present study was designed to identify potential correlations between echocardiographic parameters and serum s-Klotho levels in MHD patients. Methods: This is a cross-sectional study involving 105 MHD patients from the Dialysis Center of Capital Medical University affiliated Beijing Friendship Hospital between March and October 2014. The general information for each patient was recorded. Fasting blood samples were collected prior to hemodialysis during the mid-week session in all patients. The echocardiogram and left lateral lumbar spine radiograph were performed after the same mid-week session. The dialysis records for each session within 3 months before the blood tests were documented. According to the quartiles of s-Klotho levels, patients were divided into four groups (Group 1-4). The demographic and clinical characteristics, echocardiographic parameters, and abdominal aortic calcification scores among the groups were compared. Results: The enrolled 105 patients were predominantly male (54.3%) with an average age of 59.9 ± 11.2 years. Previous hemodialysis durations were 76 (42-133) months. Sixteen (15.2%) patients had diabetes mellitus. Mean serum s-Klotho level was 411.83 ± 152.95 pg/mL, and the 25th percentile, 50th percentile, and 75th percentile values of serum s-Klotho levels were 298.9, 412, and 498.2 pg/mL, respectively. Individuals in the bottom quartile of s-Klotho levels (Group 1) had significantly increased interventricular septal thickness (IVST) compared to those in the other three quartiles of s-Klotho levels (Group 1: 1.12 ± 0.16 cm; vs. Group 2: 1.12 ± 0.16 cm, p = 0.008; vs. Group 3: 0.94 ± 0.13 cm, p < 0.001; vs. Group 4: 1.03 ± 0.1 5 cm, p = 0.022). There were significant differences in the ratios of IVST and posterior wall thickness (PWT) between patients of Group 1 and Group 3 (1.12 ± 0.1 2 vs. 1.00 ± 0.1 4, p = 0.004). No significant differences were found for other parameters among the groups. The univariate correlation analyses showed that gender (r = -0.211, p = 0.030), Kt/V urea (r = -0.240, p = 0.014), hypersensitive C reactive protein (hs-CRP) (r = 0.196, p = 0.045), and serum s-Klotho levels (r = -0.260, p = 0.007) significantly correlated with IVST. Ultimately, only hs-CRP and serum s-Klotho levels were entered into a multiple regression model. Conclusions: The present study showed that patients with lower circulating s-Klotho levels were more often associated with larger IVST and greater ratios of IVST and PWT. There was an independent association between s-Klotho and IVST, and lower s-Klotho levels seem to be a potential risk factor of uremic cardiomyopathy in MHD patients.
Introduction
Cardiovascular disease is the leading cause of morbidity and mortality in maintenance hemodialysis (MHD) patients [1] . Chronic kidney disease (CKD)-related cardiomyopathy, which has been termed "uremic cardiomyopathy" [2] , has a significant contribution to these adverse cardiac outcomes [3] . Clinically, uremic cardiomyopathy is characterized by cardiac arrest or sudden death, left ventricular hypertrophy, cardiac fibrosis, congestive heart failure, and so on [4] [5] [6] . In addition to traditional risk factors such as smoking, hypertension, diabetes, anemia, and volume overload, Klotho deficiency also plays an important role because soluble Klotho (s-Klotho) is a circulating substance exerting multiple systemic biological actions on distant organs, such as directly protecting cells against a variety of insults including hypoxia, hyperoxia, oxidative stress, and cytotoxic medication and suppressing apoptosis [6, 7] .
However, the available evidence about the relationship of s-Klotho and uremic cardiomyopathy are limited [8] . Hu et al. [8] had observed left ventricular hypertrophy in Klotho-deficient animals. Kim and his colleagues [9] analyzed 2,101 CKD patients (the mean estimated glomerular filtration rate was 53.0 ± 30.7 mL/min/1.73 m 2 ) and reported that serum Klotho was an independent biomarker of left ventricular mass index (LVMI). But another crosssectional study with 88 MHD patients showed that s-Klotho was significantly associated with left ventricular ejection fraction (LVEF), but not with LVMI [10] .
In light of these conflicting data, the present study was designed to identify potential correlations between echocardiographic parameters and serum s-Klotho levels in MHD patients.
Methods

Study Population
This is a cross-sectional study involving 105 MHD patients from the Dialysis Center of Capital Medical University affiliated Beijing Friendship Hospital between March and October 2014. All patients were stable on thrice-weekly dialysis therapy for at least 6 months before the start of the study, had a permanent arteriovenous access, and were aged 18 to 75 years. High-flux polysulfone, polyethersulfone, or polymethylmethacrylate membrane dialyzers were used with a membrane area of 1.5-1.8 m 2 , and blood flow was between 220 and 300 mL/min. Ultrapure dialysis fluid (bacteria < 0.1 CFU/mL and endotoxin < 0.03 IU/mL) was used. The composition of the dialysis fluid was identical: bicarbonate, 35 mmol/L; acetate, 3.7 mmol/L; sodium, 138 mmol/L; calcium, 1.75 mmol/L; magnesium, 0.5 mmol/L; potassium 3.0 mmol/L; chloride, 110 mmol/L. Dialysate flow was 500 mL/min. Dialysate temperature was constantly kept at 36.5 ° C. Anticoagulation was achieved by heparin or low-molecularweight heparin. Kt/V was not less than 1.2, while residual glomerular filtration rate was less than 5 mL/min.
Patients were excluded from the study if they had severe heart failure (New York Heart Association Class III or IV), primary cardiomyopathy, malignancy, autoimmune disease, evidence of acute or chronic infection, and a history of renal transplantation or peritoneal dialysis. Informed written consent was obtained from all participants, and the study protocol was approved by the institute's ethics committee.
The general information for each patient was recorded. Fasting blood samples were collected prior to hemodialysis during the mid-week session in all patients. Routine blood tests were performed immediately including hemoglobin, creatinine, albumin, hypersensitive C reactive protein (hs-CRP), calcium (corrected), phosphate, and intact parathyroid hormone values. Corrected calcium levels were calculated using the following formula [11] : corrected calcium = calcium + 0.8 × (4 -serum albumin). Blood samples for s-Klotho measurement were centrifuged, aliquoted in vials, and stored at -80 ° C until assay. According to the quartiles of s-Klotho levels, patients were divided into four groups. The echocardiogram and left lateral lumbar spine radiograph were performed after the same mid-week session. The dialysis records for each session within 3 months before the blood tests were documented.
Serum Levels of s-Klotho Measurement
Serum s-Klotho levels were determined using a sandwich enzyme-linked immunosorbent assay (ELISA) kit according to the manufacturer's protocol (ImmunoBiological Laboratories Co., Ltd, Tokyo, Japan). This assay detects circulating s-Klotho by using two monoclonal antibodies that specifically recognize the extracellular domain of Klotho [12] . Means ± standard deviation (SD) were 6.5 ± 3.3% for inter-assay and 3.6 ± 1.5% for intra-assay coefficients of variability [13] .
Echocardiographic Examination
Echocardiographic examination was performed using a Philips iE33 system with a multifrequency transducer and harmonic imaging as appropriate. A two-dimensional guided M-mode measurement and conventional pulse wave Doppler were performed according to the American Society of Echocardiography guidelines [14] . Left atrial diameter, left ventricular end-diastolic volume (LVEDD), left ventricular posterior wall thickness (PWT), interventricular septal thickness (IVST), and LVEF were determined. Left ventricular mass (LVM) was estimated using the anatomically validated formula of Devereux et al. [15] and was indexed to ) + 0.6 [16] .
Lateral Lumbar Radiography and Evaluation of Abdominal Aortic Calcification
Lateral lumbar X-ray was performed in a standing position using standard radiographic equipment. A minimum of 8 cm of tissues anterior to the lumbar spine, which would include abdominal aorta, had to be visible: the focus-film distance was 100 cm. Other parameters were: 90 kV, 33-200 mAs (depending on the body habitus), and the estimated dose of radiation was approximately 15 mGy. Abdominal aortic calcification (AAC) was assessed using a previously validated 24-point scale [17] . All subjects were assessed independently by two investigators blinded to patient demographics and serum markers. For the 24-point score, calcified deposits along the anterior and posterior longitudinal walls of the abdominal aorta adjacent to each lumbar vertebra from L1 to L4 were assessed using the midpoint of the intervertebral space above and below the vertebrae as the boundaries. Calcifications were graded as follows: 0, no aortic calcific deposits; 1, small scattered calcific deposits less than one-third of the corresponding length of the vertebral levels; 2, medium quantity of calcific deposits about one-third or more, but less than two-thirds of the corresponding vertebral length; 3, severe quantity of calcifications of more than two-thirds or more of the corresponding vertebral lengths. The scores, obtained separately for the anterior and posterior walls, result in a range from 0 to 6 for each vertebral levels and 0 to 24 for the total score.
Blood Pressure Measurement
Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured predialysis (pre-SBP and pre-DBP) and 15 min after the end of dialysis (post-SBP and post-DBP) using the Omron HEM-4030 electronic sphygmomanometer in the non-fistula side of the upper arm. All these values were collected over the 3 months before the blood samples were obtained and time-averaged.
Statistical Analysis
Results are expressed as mean ± SD or median and interquartile range, depending on data distribution, for continuous variables and as frequency for categorical variables. Statistics were carried out using the software SPSS 11.5 for Windows (SPSS, Inc., Chicago, IL, USA). For comparison among the groups, ANOVA analysis was used for normal-distributed continuous variables and the nonparametric test for nonnormal-distributed ones, while the χ 2 test was employed for categorical variables. Pearson or Spearman correlation was used to analyze the association between demographic, laboratory, blood pressure, or AAC data and echocardiographic parameters. Significant variables were furthermore identified by stepwise linear regression. p less than 0.05 was considered statistically significant.
Results
Patient Characteristics
The enrolled 105 patients were predominantly male (54.3%) with an average age of 59.9 ± 11.2 years. Previous hemodialysis durations were 76 (42-133) months. Sixteen (15.2%) patients had diabetes mellitus. Mean serum s-Klotho levels were 411.83 ± 152.95 pg/mL, and the 25th percentile, 50th percentile, and 75th percentile values of serum s-Klotho levels were 298.9, 412, and 498.2 pg/mL, respectively. Patients were divided into 4 groups according to the quartiles: Group 1: s-Klotho ≤25th percentile (n = 26, mean s-Klotho: 224.0 ± 47.8 pg/ mL); Group 2: 25th percentile < s-Klotho ≤ 50th percentile (n = 27, mean s-Klotho: 366.4 ± 30.9 pg/mL); Group 3: 50th percentile < s-Klotho ≤ 75th percentile (n = 26, mean s-Klotho: 455.5 ± 25.2 pg/mL); Group 4: s-Klotho ≥75th percentile (n = 26, mean s-Klotho: 613.1 ± 105.8 pg/mL) ( Table 1) .
Comparison among the Groups
There were significant differences in IVST and the ratios of IVST and PWT among the groups (Table 1) . Post hoc multiple comparisons showed that individuals in the bottom quartile of s-Klotho levels (Group 1) had significantly increased IVST compared to those in 
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Firstly, the univariate correlation analyses were performed to identify potential risk factors of IVST. Gender (r = -0.211, p = 0.030), Kt/V urea (r = -0.240, p = 0.014), hs-CRP (r = 0.196, p = 0.045), and serum s-Klotho levels (r = -0.260, p = 0.007) significantly correlated with IVST (Table 2) . Ultimately, two independent variables were entered into a multiple regression model, which were hs-CRP and serum s-Klotho levels. The model explained 12.9% of the variability in IVST (p < 0.001). Hs-CRP and serum s-Klotho levels emerged as independent predictors of IVST, with contribution to the variation in IVST being 10.2 and 2.7%, respectively; their standardized coefficients were 0.288 (p = 0.003) and -0.193 (p = 0.043), respectively.
Discussion
In the present cross-sectional study, we showed that patients with lower serum s-Klotho levels had larger IVST and greater ratios of IVST and PWT, and that serum s-Klotho level was independently and inversely associated with IVST.
Circulating s-Klotho is produced either by proteolytic cleavage of the extracellular domain of the transmembrane form or by alternative mRNA splicing [18, 19] , which exerts pleiotropic actions independently of FGF-23 in an autocrine, paracrine, and endocrine fashion [20] . Growing evidence showed that Klotho deficiency plays an important role in myocardial 
hypertrophy, fibrosis, and remodeling. Both primary genetic Klotho deficiency (heterozygous Klotho-deficient, kl/+ mice) and secondary Klotho deficiency (from phosphate loading, aging, and CKD) triggered cardiac hypertrophy and fibrosis in mice [21, 22] . Hu et al. [21] observed that lower plasma Klotho levels were associated with more severe cardiac hypertrophy and fibrosis. Left ventricular hypertrophy persisted in Klotho deficiency CKD animals after correcting hyperphosphatemia due to dietary phosphate restriction and consequently reducing FGF-23 levels, indicating an independently protective effect from Klotho [21, 22] . Moreover, Klotho replacement was found to reduce isoproterenol-induced cardiomyocyte apoptosis [23] , prevent left ventricular hypertrophy in CKD mice, and block cardiomyocyte hypertrophy in vitro [24] . However, data from CKD, especially uremic patients, is limited. Kim et al. [9] analyzed 2,101 participants with CKD from stage 1 to 5 (pre-dialysis). A multivariable linear regression model showed serum Klotho had a significant inverse association with LVMI. But in a more recent cross-sectional study including 88 patients with end-stage renal disease on regular hemodialysis, s-Klotho showed significant association with LVEF, but not with LVM and LVMI [10] . Similarly, Buiten et al. [25] also failed to find a relationship between serum s-Klotho and LVMI in 127 dialysis patients. Our results are in agreement with those of the latter two studies from dialysis patients. LVMI was not significantly different among varying groups of serum s-Klotho levels. A possible explanation is that LVMI of dialysis patients are affected by more factors than non-dialysis patients with CKD, such as interdialytic weight gain, ultrafiltration, dialysate, dialyzer, and so on.
Additionally, our results illustrated that lower serum s-Klotho levels are related to larger IVST and greater ratios of IVST and PWT in MHD patients. Serum s-Klotho levels are independently and inversely associated with IVST. These were not investigated before. The dimension of differences among the groups seemingly was small, but it has clinical significance considering the fact that the normal thickness of the LV myocardium is 6 to 9 mm in women and 6 to 10 mm in men [26] . Although the prognostic value of IVST has some controversy, the parameter has received more and more attention in some specific populations in recent years. Eliakim-Raz et al. [27] reported an association between IVS thickening and future development of hypertension in a young healthy cohort of 500 Israeli Air Force aviators and argued that IVS thickening may not merely be a result of long-term BP elevation, but may predict the development of systolic hypertension. In a study of hypertensive patients receiving regular treatment, multivariate adjusted analysis showed that greater IVST at baseline was associated with worse cardiovascular outcomes during 5 years of follow-up [28] . Huang et al. [29] concluded that thickened IVS can be served as a reliable marker for predicting all-cause death in Chinese patients with coronary artery disease, even in those with normal LVM. Graham-Brown et al. [30] compared global and segmental native myocardial T1 time of 35 hemodialysis patients and 22 control individuals and found that the median native global T1 time was significantly higher in the hemodialysis group (1,270 vs. 1,085 ms), with the septal regions of hemodialysis patients having significantly higher median T1 times than nonseptal regions (1,293 vs. 1,252 ms). Native T1 mapping is a novel cardiac magnetic resonance imaging technique that measures native myocardial T1 relaxation, a surrogate of myocardial fibrosis, so they suggested that the interventricular septum appeared to be particularly prone to the development of fibrosis in hemodialysis patients. In summary, our findings suggested that IVST might be a useful indicator for uremic cardiomyopathy and poor prognosis in MHD patients.
It has been confirmed in MHD patients that serum s-Klotho levels is independently associated with AAC [31] and coronary artery calcification [32] . In the present study, this tendency was not found, which may be related to the difference of s-Klotho cut-off points and our relatively small sample size. However, when the contributions to IVST were investigated, s-Klotho, rather than AAC scores, entered the final equation. The result furthermore indicates the inde- [21, 22] demonstrated that Klotho blocked TGF-β1 and angiotensin II-induced hypertrophy and fibrosis in cardiomyocytes. Yang et al. [24] reported that the protective effect of Klotho was also achieved by blocking oxidative stress and inhibiting the ERK 1/2 signaling pathway.
In the present study, multivariate linear regression showed that hs-CRP was also correlated to IVST, which is the same as in previous studies [33, 34] . Additionally, s-Klotho is involved in the regulation of the signaling of many cytokines and growth factors. Klotho protein can inhibit insulin/insulin-like growth factor (IGF1) signaling and in this way promote resistance to oxidative stress [18] . In cultured HUVECs, incubation with Klotho results in suppression of expression of cell adhesion molecules, attenuates the activation of NF-κB, and blocks tumor necrosis factor-α-induced monocyte adhesion [35, 36] . Klotho deficiency might be involved in microinflammatory state in MHD patients, and the correlation of hs-CRP and IVST may be partly attributed to Klotho deficiency. Further research is needed.
Our study has some limitations. First, this was a single-center study with a relatively small sample size. Second, data on phosphate binders, active vitamin D, and cinacalcet were not collected, which may affect the relationship among serum s-Klotho, corrected calcium, phosphate, and intact parathyroid hormone levels. Finally, although Klotho has biological actions independently of FGF-23, the confounding effects of FGF-23 cannot entirely be excluded, which was not tested in our study.
In conclusion, the present study showed that patients with lower circulating s-Klotho levels were more often associated with larger IVST and greater ratios of IVST and PWT. There was an independent association between s-Klotho and IVST, and lower s-Klotho levels seem to be a potential risk factor of uremic cardiomyopathy in MHD patients.
